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W). Abstract. We present basic equations of nonequilibrium thermo field dynamics of 

^ I dense quantum systems. A formulation of nonequilibrium thermo field dynamics has 

^< ' been performed using the nonequilibrium statistical operator method by D.N.Zubarev. 

, Generalized transfer and hydrodynamic equations of a consistent description of kinetics 
and hydrodynamics have been obtained in thermo field representation. To demonstrate 

^ ■ how obtained results do work at the description of kinetics and hydrodynamics of a 

OO , dense nuclear matter we consider quantum system with strongly coupled states. 
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^ . 1. Introduction 

The development of methods for the construction of kinetic and hydrodynamic equations 
^ ' in the theory of nonequihbrium processes for temperature quantum field systems is, in 
d ' particular, important for the investigation of nonequilibrium properties of a quark- 
gluon plasma 0, H, H, |^, § - one of the nuclear matter states which can be created at 
ultrarelativistic collisions of heavy nuclei @, ^ 0- In the studies of nonequilibrium 
states of quantum field systems, such as a nuclear matter [H, |[, there arises a problem 
of taking into consideration coupled states. Kinetic and hydrodynamic processes in 
a hot, compressed nuclear matter, which appears after ultrarelativistic collisions of 
heavy nuclei or laser thermonuclear synthesis, are mutually connected and we should 
consider coupled states between nuclons. This is of great importance for the analysis 
and correlation of final reaction products. Obviously, a nuclon interaction investigation 
based on a quark-gluon plasma is a sequential microscopic approach to the dynamical 
description of reactions in a nuclear matter. For the description of kinetic processes 
in a nuclear matter on the level of model interactions, the Vlasov-Uehling-Uhlenbeck 
kinetic equation is used. This equation is used mainly in the case of low densities. The 
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problems of a dense quark-gluon matter were discussed in detail in p, |T0|, |TT|, |T2|, [T^. 
As this takes place, its density increases by a factor of ten in the fourth degree and 
the distance between nuclons in the centre reaches ~ 10^^^ cm. Such systems are 
examples of strong both long-range and short-range (nuclear) interactions. There is 
no small parameter for these systems (density, for example). Nonequilibrium processes 
have a strongly correlated collective nature. That is why methods which are based on a 
one-particle description, in particular, on the basis of Boltzmann-like kinetic equations, 
cannot be used. In addition to high temperature dense quantum systems, there are 
Bose and Fermi systems at low temperatures with decisive many-particle dissipative 
correlations. Neither the linear response theory nor Boltzmann-like kinetic equations 
are sufficient for their description. 

Analysis of the problem of a description of kinetic processes in highly nonequili- 
brium and strongly coupled quantum systems on the basis of the nonequilibrium real- 
time Green functions technique |]14|, |T5|, |l^ and the theory in terms of non-Markovian 



kinetic equations describing memory effects [|T^, |T8|, |T9| was made in recent paper 



and then in monograph It is important to note that in the quantum kinetic 

equation for a dense and strongly coupled nonequilibrium system was obtained when 
the parameters of a shortened description included a one-particle Wigner distribution 
function and an average energy density. On the basis of this approach the quantum 
Enskog kinetic equation was obtained in . This equation is the quantum analogue of 
the classical one within the revised Enskog theory ||21|, ^ . Problems of the construction 
of kinetic and hydrodynamic equations for highly nonequilibrium and strongly coupled 
quantum systems were considered based on the nonequilibrium thermo field dynamics 
in 



23| , [2^ , p5| , p6| , p7| , |28[] . In particular, a generalized kinetic equation for the average 
value of the Klimontovich operator was obtained in |^ with the help of the Kawasaki- 
Gunton projection operator method [^. The formalism of the nonequilibrium thermo 
field dynamics was applied to the description of a hydrodynamic state of quantum field 
systems in paper |2^. Generalized transport equations for nonequilibrium quantum 
systems, specifically for kinetic and hydrodynamic stages, were obtained in on 
the basis of the thermo field dynamics conception fSO, using the nonequilibrium 



statistical operator method [^, |3^, In this approach, similarly to |T0|, gQlj the 



decisive role is that a set of the observed quantities is included in the description 
of the nonequilibrium process. For these quantities one finds generalized transport 
equations which should agree with nonequilibrium thermodynamics at controlling 
the local conservation laws for the particles-number density, momentum and energy. 
It gives substantial advantages over the nonequilibrium Green function technique 



1^ , |T5|, |16|, which quite well describes excitation spectra, but practically does not 
describe nonequilibrium thermodynamics, and has problems with the local conservation 
laws control and the generalized transport coefficients calculation. 

In this paper we consider the kinetics and hydrodynamics of highly nonequilibrium 
and strongly coupled quantum systems using the nonequilibrium thermo field dynamics 



on the basis of the D.N.Zubarev nonequilibrium statistical operator method [^. Within 
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this method we consider a description of the kinetics and hydrodynamics of dense 
quantum nuclear systems with strongly coupled states. The nonequilibrium thermo 
field dynamics on the basis of the nonequilibrium statistical operator method constitutes 
section 2. Thermo field dynamics formalism, superoperators and state vectors in the 
Liouville thermo field space as well as nonequilibrium statistical operator and projection 
operators in thermo field space are considered here. A nonequilibrium thermo vacuum 
state vector is obtained here in view of equations for the generalized hydrodynamics of 
dense quantum systems. Transport equations of a consistent description of the kinetics 
and hydrodynamics in thermo field representation are obtained in section 3. We mean 
that these equations are applied to dense quantum systems where strong coupled states 
can appear. This item implies, as one of the approaches, to investigate a nonequilibrium 
nuclear matter p], |^ . 



2. Nonequilibrium thermo field dynamics on the basis of Zubarev's method of 
nonequilibrium statistical operator 

Let us consider a quantum system of interacting bosons or fermions. The Hamiltonian 
of this system is expressed via creation a| and annihilation operators of the 
corresponding statistics: 

H = H{a\a). (2.1) 

Operators a|, satisfy the commutation relations: 

[a, , a]]„ = Sij, [o; , Oj]^ = [a}, a]]^ = 0, (2.2) 

where [A, -Bjo- = AB — aBA, a = +1 for bosons and a = —1 for fermions. 

The nonequilibrium state of such a system is completely described by the 
nonequilibrium statistical operator g{t). This operator satisfies the quantum Liouville 
equation 

^^git)-^[H,g{t)]=0. (2.3) 

The nonequilibrium statistical operator g{t) allows us to calculate the average values of 
operators A 

{AY = Sp {Ag{t)) , (2.4) 

which can be observable quantities describing the nonequilibrium state of the system 
(for example, a hydrodynamic state is described by the average values of operators of 
particle number, momentum and energy densities). 

The main idea of thermo field dynamics pOl pl[ and its nonequilibrium formulation 



31, pR p§] consists in doing the calculation of average values (p. 41) with the help of the 



so-called nonequilibrium thermo vacuum state vector: 

{Ay={{l\Agm = {{MA\gm, (2.5) 
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where A is a superoperator which acts on state \g{t))). Nonequihbrium thermo vacuum 
state vector \g{t))) satisfies the Schrodinger equation. Starting from equation ( p.3|) , we 
obtain the relation 

or, opening commutator, 



.^,H,m » = o, 



^^m))~^H\gm=0. (2.6) 

Here the "total" Hamiltonian H reads: 

H = H-H, (2.7) 

and it is known that {{1\H = 0; H = H{a\ a), H = H*{a\ a) are superoperators which 
consist of creation and annihilation superoperators without and with a tilde, and which 



represent the thermal Liouville space [0, Superoperators H and H are defined in 
accordance with the relations: 

\HQ{t)))=H\Q{t))), 

\g{t)H)) = H\g{t))). ^ ' ^ 



Hence, it appears that at going from the quantum Liouville equation ( p^.3| ) for non- 
equilibrium statistical operator g{t) to the Schrodinger equation (p.6|) for nonequihb- 



rium thermo vacuum state vector \g(t))), according to (|2.5|) , the number of creation 



and annihilation operators is doubled. Superoperators a], hp a|, satisfy the same 
commutation relations as for operators a|, (|2.2| ): 

[a, , a]]„ = [fi^ , a]]„ = 6ij, [a^ , a^]^ = [aj, s]]^ = 0, 

[a, , cij]^ = [a], a]]^ = 0, [fl; , hj]^ = [a], a]]^ = 0. 

Annihilation superoperators a, , a, are defined in accordance with their action on the 



vacuum state - the supervacuum |37 



a,|00)) = a,|00)) = 0, (2.10) 

where |00)) = ||0)(0|)) is a supervacuum; and it is known that ajO) = ajO) = 0, and 
{0\ai = 0, i.e. a supervacuum |00)) is an orthogonalized state of two vacuum states 
(0| and |0). Taking into account commutation relations ( p.9|) , ( p.lO ), one can introduce 



unit vectors = | J2i 10(^1)) ^-^^ = ((^^ 10(^11 ^^e following forms: 

|l))=exp{EzaJa|}|00)), 

((1| = ((00|exp {E,a,a,^ 

of these t 
superoperators a], hp a|, 



With the help of these expressions one can find relations between the action of 

ajl)) = fijil)), ((liaf = ((l|a,, 
thw _ ^7, h\\ //iiA — ^^^\7,'^^ ^ ' ' 
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In such a way, in the thermal field dynamics formalism |^0|, [SJ] the number of operators 
is doubled by introducing both without tilde and tildian operators ^4(0^, a), A{a\ a) for 
which the following properties take place: 

= A1A2, A = A, 
ciAi + C2A2 = c\Ai + CIA2, ^2 
= A\l)), 
\A,A2)) = AM2)). 

Here * denotes a complex conjugation. Some detailed description of the properties of 
superoperators well thermal Liouville space is given in papers 



31, M 38 



The nonequilibrium thermo vacuum state vector is normalized 

imt))) = mm)) = h (2.14) 

where g{t) is a nonequilibrium statistical superoperator. It depends on superoperators 
a], af. g{t) = g (a^,a;t), and, it is known that the corresponding tildian superoperator 
g{t) = g^ {d'^ , a; t) depends on superoperators a|, d^. 

To solve the Schrodinger equation (|2.6| ) a boundary condition should be given. 
Following the nonequilibrium statistical operator method |]20| , |2^ , ^ , let us find a 
solution to this equation in a form, which depends on time via some set of observable 
quantities only. It means that this set is sufficient for the description of a nonequilibrium 
state of a system and does not depend on the initial moment of time. The solution to 
the Schrodinger equation, which satisfies the following boundary condition 

\gmt=to = \qM)), (2.15) 

reads: 

\gm = exp |(t - to)^iy| Mo))). (2.16) 

We will consider times t ^ to, when the details of the initial state become inessential. 
To avoid the dependence on to, let us average the solution (|2.16|) on the initial time 
moment in the range between to and t and make the limiting transition to — t ^ —oo. 



We will obtain 26 



\g{t)))=e / dt'e^''e-rn^'\g^{t + t'))), (2.17) 

where e +0 after the thermodynamic limiting transition. Solution (|2.17|) , as it can 
be shown by its direct differentiation with respect to time t, satisfies the Schrodinger 
equation with a small source in the right-hand side: 

Ft " i^^) '^^^^^^ = -^{\sm - M))))- (2.18) 

This source selects retarded solutions which correspond to a shortened description of 
the nonequilibrium state of a system, \gq{t))) is a thermo vacuum quasiequilibrium state 
vector 

\gqm = Q^m))- (2.19) 
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Similarly to ( p.l4| ), it is normalized by the rule 

((l|^qW)) = ((l|^q(t)|l)) = l, (2.20) 

where gq{t) is a quasiequihbrium statistical superoperator. The quasiequilibrium 
thermo vacuum state vector of a system is introduced in the following way. Let 
{PnY = {(MPnlQit))) be a set of observable quantities which describe the nonequilibrium 
state of a system. p„ are operators which consist of the creation and annihilation 
operators defined in (|2^ ). Quasiequilibrium statistical operator ^q(t) is defined from the 
condition of informational entropy Si^t extremum (maximum) at additional conditions of 
prescribing the average values (p„)* and conservation of normalization condition (|2.2(]| ) 
331: 



. / (2.21) 

$(t) = lnSpexp|-5^^F„*(t)p„|, 

where $(t) is the Massieu-Planck functional. A summation on n can designate a sum 
with respect to the wave- vector k, the kind of particles and a line of other quantum 
numbers, a spin for example. Parameters Fn{t) are defined from the conditions of self- 
consistency: 

(p„)* = (p„)*, (...)* =Sp(...^)q(t)). (2.22) 
According to (|2.5|) , let us write these conditions of self-consistency in the following form: 

{{l\Pn\gm = ((l|p„|^q(t))). (2.23) 

Taking into account behaviours ( |2.13| ), we have: 

\gqm = gq{t)\l))=~gUt)\l)), (2.24) 



where 



g^it) = exp[-m-J2^F:{t)pn], 
g[{t) = exp|-$(t)-^^F„(t)p„} 



(2.25) 



are quasiequilibrium statistical superoperators which contain superoperators Pn and 
correspondingly: 

Pn = Pn(a^a), ^2 26) 

Pn = K(a^a). 

If self-consistency condition (p.23|) realizes, we shall have the following relations (at fixed 
corresponding parameters): 

= {{l\PnM))) = {{l\Pn\gm, 

(2.27) 

§r^^=mnM))) = {{l\Pn\gm- 
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Relations (|2.27|) show that parameters F*(t), F„(t) are conjugated to the averages 
{{l\pn\0(t))) and {{l\pn\g(t))), correspondingly. On the other hand, with the help of 
\Qq{t))) and self-consistency conditions (|2.23|) we can define the entropy of the system 
state: 

s{t) = -{mng^{t))g^m = m + Y1 Kit){{i\Pnm))- (2.28) 

The physical meaning of parameters F*{t) can be obtained now on the basis of the 
previous relation: 

Now the auxiliary quasiequilibrium thermo vacuum state vector \Qq{t))) is defined. 



Let us represent solution ( 2.17 ) of the Schrodinger equation ( |2.6|) in a form which is 
more convenient for the construction of transport equations for averages 
We shall start from the Schrodinger equation with a small source ( p.l8|) . Let us rebuild 
this equation by introducing A\g(t))) = \g{t))) — |^q(t))): 

The calculation of time derivation of \gqit))) in the right-hand side of equation ( |2.30| ) is 
equivalent to the introduction of the Kawasaki-Gunton projection operator ^q(t) 
in thermo field representation: 

= ^q{t)^5\gm, (2.31) 
^,{t){\...))) = \g,m+ (2.32) 

Projection operator =^q(t) acts on state vectors | • • •)) only and has all the operator 
properties: 

^q(t)^q(t') = ^q(t). 

Taking into account condition l3^^{t)-r^H I\\g{t))) = 0, one may rewrite equation (|2.30|) , 
after simple reductions, in a form: 

'I - (l - ^^(t))^H + s^ A\gm = (l - ^,{t))^H\g,m. (2.33) 

The formal solution to this equation reads: 

A\gm = £ dt' e^(*'-*)r(t,t')(l - ^q{t'))^H\g^{t'))), 
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m = M))) + I dt'e^(*'"*)T(t,0(l - ^^{t'))^H\Q^{t'))), (2.34) 



where 



T(t,0 = exp+ |^*dt' (l - ^nit'))^H 



(2.35) 



is an evolution operator with projection consideration, and exp_,_ is an ordered exponent. 
Then, let us consider expression ( 1 — ^q{t')) ^H\gq{t))) in the right-hand side of (ICTI) . 



(2.36) 



The action of j^H and (^1 - ^q(t')j on |^q(t))) can be represented in the form: 

n ^ 

where Pn and ^{t) read: 



Pn 



in 



(2.37) 
(2.38) 



Here J^{t) is a generalized Mori projection operator in thermo field representation. It 
acts on operators and has the following properties: 

^{t)pn = Pn, .^oq^ 

^(t)^(t') = ^(t). ^ ' 

Let us substitute now ( |2.36|) into ( |2.34]) and, as a result, we will obtain an expression 
for the nonequilibrium thermo vacuum state of a system: 

t 

Jdrgl{t')Ut')gl-{t')\)F:{t'). (2.40) 



\Qm = \Q.m+Yl I dtv(*'-*)T(t,t') 

Jn{t) =(l- ^(t))p„ 



(2.41) 



are generalized flows. 

Let us obtain now transport equations for averages ((l|p„|^(t))) in thermo field 
representation with the help of nonequilibrium thermo vacuum state vector |f?(t))) 
( p.40| ). To achieve this we will use the equahty 

limpnm)) = mkm)) = mPMt))) + {{ut)\em- (2.42) 

By making use of \Q{t))) in ( p.40|) in averaging the last term, we obtain transport 
equations for {{l\pn\Q{t))): 



(2.43) 



I dt' e<''-'^ (^Ut)T{t,t') 



Jdr g:it')Jn'it')gl-{t'))) F:,it' 
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where = —j^Hpn- Relations ( |2.43| ) are treated as a general form of transport 



equations for average values of a shortened description. These equations can be apphed 
to completely actual problems. 

3. Transport equations of dense quantum systems with coupled states 

We will consider a quantum field system in which coupled states can appear between 
the particles. Let us introduce annihilation and creation operators of a coupled state 
[Aa) with A-particle: 

<^aM = Yl !^Aap(l,...,A)a(l)...a(A), 

= E '^A.pll, • • • , A)a\l) ... at (A), ^^-^^ 

1,...,A 

where \1/Aap{^, . . . ,A) is a self-function of the y4-particle coupled state, a denotes internal 
quantum numbers (spin, etc.), p is a particle momentum, the sum covers the particles. 
Annihilation and creation operators a{j) and a^{j) satisfy the following commutation 
relations: 

[a{l),a\j)l = 6i,„ [a{l),a{j)l = [a\l),a\j)l = 0, (3.2) 

where cr-commutator is determined by [a, b]cr = ab — aba with a = ±1: +1 for bosons 
and —1 for fermions. 

The Hamiltonian of such a system can be written in the form: 

dpdqr ] f q\ ( 



^-5:/^^i(p-|)..4^-l)- (3.3) 



where Vab{q) is interaction energy between A- and S-particle coupled states, q is a 
wavevector. Annihilation and creation operators a^^(p) and satisfy the following 

commutation relations: 

[aAa(P). «L/3(P')]<X = SA,BSa,pS{p - p'), 
[0'AaiP)^asi3iP% = [«L(P)> aB/3(p')]- = 0- 

fiBpiq) in ( p.3|) is a Fourier transform of the 5-particle density operator: 

As parameters ((l|p„|^(t))) of a shortened description for the consistent description 
of the kinetics and hydrodynamics of a system, where coupled states between the 
particles can appear, let us choose nonequilibrium distribution functions of A-particle 
coupled states in thermo field representation 

((ll^Aa(^.P)l^(^))) = /Aa(^.P;0 = /Aa(a;;^), x = {r,p}, (3.5) 
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here fAai^'^ a Wigner function of the A-particle coupled state where 

nAair,p) = n^M = J e-^^'^a^^ - |) a^^ + |) (3.6) 

is the Khmontovich density operator; and the average value of the total energy density 
operator 

{{l\H{rMt))) = {m{r)gm. (3.7) 

By this J dr H{r) = H, H{r) is a superoperator of the total energy density which 
is constructed on annihilation and creation superoperators a Aa{p) and a\^{p). The 
latter satisfy commutation relations (|3.4| ). Following and ( p.21| ), one can rewrite 
quasiequilibrium statistical operator ^q(t), \Qq(t))) = ^q(t)|l)) for the mentioned 
parameters of a shortened description in the form: 

g^it) = exp <; -$*(t) - / dr /3(r; t) I //(r) -}][ ^^Jx; t)n^Jx) 



,(t) = exp|-$*(t)- I drP{r;t) (^^W " E / 



(3.8) 

where Lagrange multipliers /?(r; t) and /i^Q,(a:; t) can be found from the self-consistency 
conditions ( p.22| ), correspondingly: 

{{l\H{rMt))) ={m{r)\g,m, (3-9) 
((l|n^„(x)|^(t))) = ((l|n^Jx)|^q(t))), (3.10) 

$*(t) is the Massieu-Planck functional and it can be defined from the normalization 
condition (p:20D: 

exp {-I dr P{r;t) I H{r) -} ! O^Aa(^) 



<l'*(t) = ln(( 1 



-/" drP{r;t) ( i/(r) - / 



(3.11) 

Using now the general structure of nonequilibrium thermo field dynamics (|2.30| )- (|2.43|) , 
one can obtain a set of generalized transport equations for A-particle Wigner distribution 
functions and the average interaction energy: 

^^{{MnAai^Mt))) = {{l\f^Aa{x)M))) + / dv' J^Jt' e^^''-'^^^^{x,r'-,t,t'mr'-,t') 
+ Y.jdx' f dt'e^^''-'^^i:^f'ix,x';t,t')Pir';t')f,^^ix';t'), (3.12) 

^^{mivMt))) = {{l\kr)M)}} + J d^'//^' ^''^'"'''^HH{r,r';t,t')(3{r';t') 

+ fdx' f dt' e^^^'-^Vfjr-, x'- 1, t')f3{r'; t')^^p{x'- 1'), (3.13) 
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where x' = {r',p'}, dx' = {27!: h)^^dr' dp' . Here 



if^^ (x, x'- 1, t') 
^^U^,r';t,t') 
vZir',x';t,t') 
VHHii-,r';t,f) 



j^Jx,t)T{t,t') /dr el{t')JnJx'-t')e\-^{f) 

ix,t)Tit,t') Jdrglit')Mr';t')gl^it') 



Mr,t)Tit,t') Jdr glit')J^Jx';t')gl^it') 



Mr,t)T{t,t') Jdr gl{t')JH{r'-t')g\--{t 
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(3.14) 
(3.15) 
(3.16) 
(3.17) 



are generalized transport cores which describe dissipative processes. In these formulae 
J are generalized flows: 

JH{r-.t) =(l-^{t'))H{r), H{r) =-hH,H{r)l 

) { (3.18) 

Jnjr,p-,t) = [I - ^^{t'))h^^{x), n^^(r,p) = --[H,n^^{x)], 

^{t) is a generalized Mori projection operator in thermo field representation. It acts 
on operators 



d^{t)P={{\P\g^m+ / dr 



5{{l\H{r)\gm 
drdp 5{{l\P\g^{t))) 



H r) 



{m{r)\gm 



n^Jx)-((l|n^Jx)|^(t))) (3.19) 



{27,hf5{{l\n^S^)\gm 

and has all the properties of a projection operator: 

^{t)H{r) = H{r), ^(t)^(t') = ^{t), 

^{t)n^,{r,p) = n^„(r,p), (l-^(t))^(t) = 0. 

The obtained transport equations have the general meaning and can describe both 
weakly and strongly nonequilibrium processes of a quantum system with taking into 
consideration coupled states. In a low density quantum field Bose- or Fermi-system the 
influence of the average value of interaction energy is substantially smaller than the 
average kinetic energy, and coupled states between the particles are absent. In such a 
case the set of transport equations ( p.l2| ), ( p.l3| ) is simplified. It transforms into a kinetic 
equation in thermo field representation for the average value of the Klimontovich 
operator {{l\h{x)\g(t))): 



J2 I ^P' j[ dt' e^^''-'^ (^Uk-t) 



T{t,t') 



Jdr g:{tVn{g;t')gl-it'))) b.,{p'-t' 



Using the projection operators method, this equation was obtained in . 

In the next step we will construct such annihilation and creation superoperators, for 
which the quasiequilibrium thermo vacuum state vector is a vacuum state. Analysing 
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the structure of quasiequilibrium statistical superoperator ( |3.8| ), one can mark out some 
part which would correspond to the system of noninteracting quantum A-particles. Let 
us write ^q(t) in an evident form and separate terms which are connected with the 
interaction energy between the particles: 



g,(() = exp|-*'(()-y dr;3(r;t) x 
E 



(3.20) 



drdp 

(2^ 



P 

2mA 



drPir;t)H,^,ir) 



Using operator equality {A and B are some operators) 



dr e^(^+^)Se-^(^+^) 



the relation for Qq{t) can be rewritten in the following form: 



1- /dr/?(r;t) / dr ^;(t)i/i,t(r)(^q(t))- 



(3.21) 



where 



^S(t)=exp|$(t)-y" drP{r;t)J2 j ^^^aJ^;; t)n^Jx)| , (3.22) 



[x;t) 



2mA 



(3.23) 



Quasiequilibrium statistical superoperator ^q(t) is bilinear on annihilation and creation 
superoperators a^^(P) and a^„(P), as well as on the non-perturbed part of Hamiltonian 
-f^o- One can write the total quasiequilibrium superoperator as some non-perturbed 
part of ^q(t) and the part which describes interaction of quantum particles in the 
quasiequilibrium state. Further, we introduce the following designation: 

0qit) = gl{t) + g'^{t), (3.24) 

where 



g'^it) = -Jdr /3ir;t) dr glit)H,,,{r){gqit))-^ g^t). (3.25) 

Quasiequilibrium thermo vacuum states \gq{t))) and |^q(t))) are not vacuum states for 
annihilation and creation superoperators a^^(P), a^^(P), a^^(P), a\^{P). But for 
l^q(t))) one can construct new superoperators 7^q,(P), lAai^)^ IaA^)^ l\a{P) a 
linear combination of superoperators a^„(P), a^^(P) and a^^(P'' 
satisfy the conditions: 

7^jP;t)|^>;(t))) = 0, 

iAaiPMm = ^. 



a'^^[P) in order to 



(3.26) 
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To achieve this let us consider an action of annihilation superoperators a^^{P]t), 
a^^(P;t) on quasiequilibrium state |^n(to))): 



aA^iP;t)\gl{to))) = ha{P;t-to)a\^{P;t)\gl{to))), 

S^jP;t)|f^°(to))) = a/^a(P;t-to)aL(^';^)l^(^o))), (3.27) 

where superoperators a^^(p;t), d^^(p;t), a^^{p;t), a\^{p;t) are in the Heisenberg 
representation 



Ma 



"Aa 



''Aa 



Hot 



Ma 



:p;t) = 



and satisfy commutation relations: 



Ma 



Ma 



Ma 



P-t)ra}Bp{P';t) 



P-t),dL{P';t) 



Bf3\ 



:P;t),aB0{P';t) 



Sa,bKpKP - P') 

SA,BSa,,3S{P - P') 



''Aa 



■P;t)raUP';t) 



0. 



It is necessary to note that superoperators H{r), nj^^{x) are built on superoperators 
it Q\ 7^ + a\^{p — |). Therefore, for convenience here a 



''Aa 



unit denotion was introduced for arguments like P = p ± |. This should be taken into 
account in further calculations where obvious expressions are needed. 

We can introduce new operators j^^{P;t), ^\^{P]t), 7^^(P;t), ^\^{P]t) via 
superoperators a^^(P;t), a^„(P;t), a^^(P;t), a\^{P]t) in the following way: 



lAaiP-.t) 

iLiP;t) 



(^^^^{P^t.to) 



an 



P\t,to) 



Ma 



'P;t) 



n^^{P;t,to) 
1 + ^'^Aa(^;^)^o) 



aLiP-.t) 



'P;t)~aa^^{P;t) 



(3.28) 



Relations ( |3.28|) satisfy conditions (8.26). Here 

nAa(P,g;^,^0) =ri^a(^';^,^0),= ((l|4a(^;^)«Aa(^;^)lf?S(^0))) = 

((i|«L(p-f;^Ka(p + f;i)I^S(^o))), 

is a quasiequilibrium distribution function of A-particle coupled states in momentum 
space p, q, which is calculated with the help of quasiequilibrium thermo vacuum state 
vector ^q(to))) ( p.22| ). Function fAa{P]t — to) in formulae ( p.27| ) is connected with 
n^Q,(P; t, to) by the relation 

f /p+ . _ nAaCP[Mo) 

Superoperators ^^a^P'^ ^) ^^"^ lAa^P'^ l\aiP'^ ^'^'^ 7Aa(-^' ^) satisfy the "canonical" 
commutation relations: 

7^jP;t),7;^(P';t)_ 
lAaiP-^t)^lU^P'-^t) 



lAa{P-^t)^lBp{P'-^t) 



SA,BSa,0S{P-P'), 
6A,BSa,0S{P-P'), 



(3.29) 



lUP-^t),^l,^{P';t) 
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Inversed transformations to superoperators a^^(P; t), a\^{P; t) are easily obtained from 
(El): 



^aJJ^; ^) = V 1 + ^^aJJ"; to) [7L(P; t) + ^T^Ji^; t)J • (3.30) 

7^„(P;t), 7]^^(P;t), 7^^(P;t), 7]^^(P;t) could be defined as some operators of 
annihilation and creation of A-quasiparticle coupled states, for which quasiequilibrium 
thermo vacuum state |^q(to))) ( P-22| ) is a vacuum state. In such a way, we obtained 
relations of dynamical reflection of superoperators d^Q,(P;t), a^^(P;t), a^^{P;t), 
a\^{P;t) to new superoperators of "quasiparticles" 7^Q,(P;t), 7]^^(P;t), 7^Q,(P;t), 

4. Conclusions 



A set of transport equations (|3.12| ), (|3.13| ) together with dynamical reflections (|3.28|) , 



( p.30| ) of superoperators in the thermo field space constitute the basis for a consistent 
description of the kinetics and hydrodynamics of a dense quantum system with strongly 
coupled states. Both strongly and weakly nonequilibrium processes of a nuclear matter 
can be investigated using this approach, in which the particle interaction is characterized 
by strongly coupled states, taking into account theirs nuclear nature [0, 0, |], |]. 

Another problem in the description of quantum kinetic processes of nuclear collisi- 
ons should be noted. It is connected with the construction of quantum kinetic equations 
for small times with taking account initial states and non-Markovian memory effects. 
One approach to obtain such kinetic equations is developed on the basis of mixed Green 
functions in recent papers by Morozov, Ropke and others |3^, ^ . In our approach the 
problem of initial states is connected with the quasiequilibrium thermo vacuum state 
l^q(^o))) at the initial time to. Non-Markovian memory effects are described here by the 
generalised memory functions 'Pnn^^ ^ fnH^ V^Hn^ Vhh ( p.l4|) -( ^.17|) , correspondingly. 
These functions are calculated with the help of |^(t)))t=t„ or |f?q(to))) (see [^) and take 



into account both oneparticle and manyparticle processes of energy transfer in a system. 

In the next paper we will consider in detail weakly nonequilibrium case and obtain 
generalised closed transfer equations for Wigner function fAa{x;t) and mean energy 
density {H{r)Y for quantum system with coupled states. We will suggest also one way 
of calculation of generalised memory functions in thermo field representation. It allows 
to analyse spectra of time correlation functions like "density-density" , "current-current" 
and "energy-energy" as well as generalised transport coefficients for quantum systems. 

It is much sequential to describe investigations of kinetic and hydrodynamic 
processes of a nuclear matter on the basis of quark-gluon interaction. The quantum 
relativistic theory of kinetic and hydrodynamic processes has its own problems and 
experiences its impetuous formation |]T], |^, |^, |, ^ ^ . In the next papers we will apply 
our approach to describe kinetic and hydrodynamic processes of a quark-gluon plasma. 
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